Our aim in this retrospective study of 52 children with spastic hemiplegia was to determine the factors which affected the amount of residual pelvic rotation after single-event multilevel surgery.
The treatment of pelvic rotation remains a problem in the walking child with cerebral palsy. [1] [2] [3] [4] It may be primary or secondary compensation for internal rotation of the limb to obtain physiological foot progression. 1 The management of lever-arm dysfunction is one of the key principles of single-event multilevel surgery in patients with cerebral palsy. 5 Femoral derotation osteotomy is often used to correct lever-arm dysfunction due to femoral anteversion. Some reports have suggested that pelvic rotation can be improved when the torsional problems below the pelvis have been corrected. 1, 2, 6 Previous studies have also shown that pelvic rotation can improve after single-event multilevel surgery including femoral derotation osteotomy. However, some pelvic rotation may persist after surgery.
Our aim was to determine the amount of residual pelvic rotation and the factors affecting it after single-event multilevel surgery with or without a femoral derotation osteotomy.
Patients and Methods
This retrospective study was approved by the review board of our institute. The inclusion criteria were spastic hemiplegia, level I to II of the gross motor functional classification system, 7 single-event multilevel surgery, a followup period of more than one year and a pre-and post-operative gait analysis. Single-event multilevel surgery was defined as a series of tendon lengthenings and osteotomies at more than two levels. The exclusion criteria were previous corrective gait surgery, selective dorsal rhizotomy and joint or muscle disease other than cerebral palsy. In addition, patients who had undergone confounding surgical procedures at the same time such as transfer of tibialis posterior, Dwyer calcaneal osteotomy, calcaneal lengthening or tibial derotation osteotomy were also excluded.
Of 177 patients with spastic hemiplegia, 52 met the inclusion criteria and were enrolled in the study after informed consent. They were divided into two groups depending on whether a femoral derotation osteotomy had been performed or not. There were 34 patients in the femoral derotation osteotomy group and 18 in the non-femoral derotation group (Table I) . Pre-operative gait analysis was performed a few days before surgery and post-operative analysis after more than one year.
Gait analysis was performed using a Vicon 370 apparatus (Oxford, United Kingdom) with seven cameras and two force plates. The kinematic data were archived when the patients walked on a nine-metre walkway. The mean of three sessions was used to produce the index variables.
Statistical analysis. The data were analysed using SPSS version 11.0 (SPSS Inc., Chicago, Illinois). A mixed model repeated-measures analysis of variance (ANOVA) was used to estimate the differences by treatment group (femoral derotation osteotomy and non-femoral derotation osteotomy), by time (pre-and post-operative) and the interaction term between groups and times in pelvic rotation, hip rotation and foot progression with an unstructured covariance matrix. Patients were hierarchical or nested within treatment groups (femoral derotation osteotomy and non-femoral derotation osteotomy), and the times (pre-and postoperative) represented the repeated measures. The significance level was set at p = 0.05 in a mixed-model ANOVA. A paired t-test was performed for post hoc analysis and the level of significance was set at p = 0.01 to adjust for multiple comparison.
Multiple regression analysis was used to find the explanatory variables that significantly affected post-operative mean or minimal pelvic rotation, which represented the residual pelvic rotation or retraction. To reduce the number of variables entered into the multiple regression, univariate analyses were performed initially. For each outcome variable, Pearson's correlation coefficient was used to assess the relationship between the outcome variables and the continuous explanatory variables and a two-sample t-test was used to compare the mean values for the two categories of each binary explanatory variable. Potential explanatory variables consisted of pre-operative kinematic variables for prediction, post-operative confounding variables and surgical procedures. Variables significant at p = 0.1 in the univariate study were included as an explanatory variable in the relevant multiple regression. Goodness-of-fit was presented as an adjusted R 2 value. The significance level was set at p = 0.05 in multiple regression. Tables I and II give the patients' clinical details and the surgical procedures. The mean (p < 0.001) and minimal (p = 0.001) (maximal external) pelvic rotation and mean foot progression (p = 0.013) improved significantly after surgery in the femoral derotation osteotomy group. However, there was no statistical significance between the groups in regard to the mean (p = 0.764) and maximal hip rotation (p = 0.752) (Table III) .
Results
Ten variables, (pre-operative kinematic variables, postoperative confounding variables and related operations) were tested to identify factors which were potentially related to the post-operative mean and minimal (maximal external) pelvic rotation (Table IV) . Four variables for the post-operative mean pelvic rotation were selected after univariate analysis (Pearson's correlation for continuous variables and a two-sample t-test for binary variables) as follows: pre-operative mean pelvic rotation (p = 0.05), preoperative mean hip rotation (p = 0.09), post-operative mean hip rotation (p = 0.01), and the inclusion of femoral derotation osteotomy (p = 0.751) (included because of its clinical significance). In addition, three variables for the post-operative minimal pelvic rotation were selected as follows: pre-operative mean pelvic rotation (p = 0.02), postoperative mean hip rotation (p = 0.01) and the performance of femoral derotation osteotomy. Then, multiple regression was performed with the selected variables.
Multiple regression analysis showed three variables which significantly affected the post-operative mean pelvic rotation and minimal (maximal external) pelvic rotation, respectively. These were the inclusion of femoral derotation osteotomy, pre-operative mean pelvic rotation and post-operative mean hip rotation (Tables V  and VI) . The post-operative mean pelvic rotation increased by 0.32° (0.12° to 0.51°) as the pre-operative mean pelvic rotation increased by 1° after adjusting for femoral derotation osteotomy. The post-operative mean hip rotation and post-operative minimal (maximal external) pelvic rotation decreased by a 0.29° (0.11° to 0.47°) as the pre-operative mean pelvic rotation increased by 1° after adjusting for femoral derotation osteotomy and the post-operative mean hip rotation.
Discussion
Pelvic rotation is often a functional and cosmetic problem in hemiplegic cerebral palsy. Treatment for torsional problems below the hip may be indicated. Lengthening of the distal hamstrings 4 and femoral derotation osteotomy may be used to reduce internal rotation of the hip in these patients. A previous study has shown that problems of hip rotation persist in cerebral palsy patients in the absence of surgical intervention. 8 However, pelvic rotation may not only be a secondary compensation for torsional problems in the lower limb such as femoral anteversion, tibial torsion and forefoot adduction, but may also be a primary deformity caused by pelvic obliquity, spinal deformities and local muscle imbalance. As a result correction of the torsional deformities alone may not rectify the problem. In some patients in this study, pelvic rotation was not restored to the normal range. One of the most important factors determining this was the preoperative level of pelvic rotation, i.e. the more severely affected patients had a greater probability of residual pelvic rotation.
There have been many studies on pelvic retraction (Table VII) . [1] [2] [3] 6, 9 Most used the mean pelvic rotation as the kinematic parameter for analysing residual pelvic rotation. In order to estimate residual pelvic rotation, it is also useful to use the maximum pelvic external rotation since, although the mean pelvic rotation may be similar, the range of pelvic rotation can be different. From a cosmetic point of view this shows the amount of pelvic external rotation observed by parents and carers. Therefore we believe that it is better to use both the mean pelvic rotation and maximum pelvic external rotation to assess residual pelvic rotation. In our study, both kinematic parameters were used and found to affect the postoperative mean and minimal (maximal external) pelvic rotation.
Previous studies have reported variable results. With regard to the non-femoral derotation osteotomy group, some authors have reported a significant change in pelvic external rotation, 1 but we observed no change. This may have been due to different patient selection and surgical indications.
Some studies reported improved pelvic rotation after femoral derotation osteotomy 1,2 while some did not. 3, 9 This difference may be because of the analysis of the data as explained by Kay et al. 1 The studies which did not show improvement included patients with bilateral involvement and the mean data could not show a significant change. 3, 9 Our study concentrated not only on the pelvic retraction remaining after surgery but also on the factors affecting residual pelvic rotation. Only patients with spastic hemiplegia were included. Patients undergoing surgery which could affect the pre-and post-operative kinematic analysis of the transverse plane such as foot surgery and tibial derotation osteotomy, were excluded.
Studies suggest that 'slight undercorrection in hemiplegia' is one of the key principles in femoral derotation osteotomy to prevent external foot progression after surgery. 5 Therefore we attempted not to over-derotate the femur when performing femoral derotation osteotomy. However, the post-operative mean hip rotation was found to be a significant confounder, and the results suggest that undercorrection can result in residual pelvic external rotation. Further studies will be necessary to determine the optimal amount of required derotation when performing femoral derotation osteotomy.
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